How: TheyWeighed TheEarih

Wonderfully Delicate Instrument Which
Shows That Our Globe Tips the Scales
at 12,000,000,000,000,000,000,000,000
- —Twelve Septinion .

Extremely
echamam in the Massa-
chusetts Institute of Technology

Photograph ~of the
Delicate

Laboratory; a Machine Devised
Espicially for Weighing the Earth.

ENTISTS are actually able to weigh

he globe upon which we live. With

e ald of quartz threads so delicate
that*they are barely visible to the naked
eye they swing the earth In their secales
und determine its weight almost as accu-
rately as the buteher does with the roast
for your Sunday dinner,

The MMtest welghing of the earth took
place in the physies laboratory of the
Massachusetts Institute of Technology, at
Cambridge, Mass. The globe which man
calls home tipped the scales at 6,000,000,
000,000,000,000,000 tons—twelve =septillion
pounds—a mass so stupendous that the
human mind can hardly eomprehend it.

To weigh the earth scales quite different
from those that serve for other purposes
sre employed. They consist of a delicate

apparatus about the slze of a sewing ma-
Iuhlms, whose operation depends upon the

1aws of gravitation discovered long ago by
the great sclentist, 8ir Isanc Newton,

It was Newton who discovered that all
vbjeats are attracted by all other objects.
Hefore his tifhe men had belleved that an
upple fell to the ground merely because the
air beneath it was too thin to support it.
Newton showed plainly that-the fall of tho

aupple was caused by the attraction be-
tween the earth and the apple. The apple,
belng so much smaller than this globe of
ours, naturally moved first.

This brought him to another conolusion,
namely, that the attraction between two
bodies depended directly upon their rela-
tive slzes—that is, thet a plece of lead one
cmbla Ineh in volume was attracter toward
the earth only one-half as strongly as a
pleée twice as large. Ordinarily we uso
the word “welght” to express this ajtrac
tion between the earth and objeots on fts
surface. And, as every one knews, the
“walght” of an object increases with Its
uime.

Tt was this rule of proportional attrae-
tion of which the Technology physielsts,
headed by Professor Louls E. Derr, made
uge in their latest exporiment to determine
the mass, or weight, of the sarth itself,

They took two samall brass balls, whieh

they waighed to the fineness of one one-
thiousand rt of a gram. These balls
they attached to threads drawn from melted

quarts, threads so delicate that their sise
was only onetwelfth that of & human halr.
Ily these threads the balls were suspended
|
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tmllﬂnll‘lltlmmnunmule
of a lead pencil.

The rod itself was supported at its centre
by & third thread, also of quarts, To this
thread was atigched a tiny mirrer, which
was arranged in such & way as to reflect a
tiny spot of light upen the wall, forty feet

distant, It 1s easily pros—
seen that a slight twist- :
ing of the thread which
bore tlhe mirrer would
be shown by the move
ment, greatly increased
by the distance, of the
little spot of lght upon
the wall,

The 'l‘uynolnl!
scientists mnext fixed
two lead balls, welgh-
ing about tem pounds
each, upan a frame, 8o
that they were immov-
able. The frame Wwas
placed about the haug-
ing balls in such & way
that eéach of the lead
balls was brought close
to the freely swinging
spheres.

The lead balls, exercis-
ing a slight but definite
power of attraction over

the hanging brass ones,
moved them slightly,

almost impercentibly. Size of Atlas and the
The supporting thread karth from the
was twisted, ever so litt Knowledge of rn

tle, and the spot of
light on the wall oppo-
site moved almost a
vard’s length as a re-
sult.

Not & large force. Indeed, when dell-
cate ealomarions had estimated its power
it was round to be equal to the weight of
an atom of hair just eme one-hundredth
‘‘houssndth of an inch long. Bat this
force, slight as it was, had been sufficient
{o reveal the earth’s weight. From this
point It was a gomparatively simple ma!
ter of mathematics.

The Technology professors kmew the
weights of the two sets of ballae; they

Enew the amount of power which the lead

Iron,

balls exercised over the brass; they knew -

the power which the earth exercised over
the lead—that was thelr weight. Also
they knew that the gravitational attrac-
tion of one body over another depends di-
rectly upon the comparative sizes of the
bodies involved.

What, then, more simple than to cadeu-
late the earth’s mass? It was a simple
equation, of which three parts already
were known. The scientists calculated the
value of the fourth part and gained the
answer—6,000,000,000,000,000,000,008 tons.

Over and over again the experiment was
tried. Outside influences, the yibration
caused by subway and surface trains, the
quivering of the great Technology build-
jng from ita own mechanical laboratories,
'ffected the delicate mechanism some-
what.

Put when the experiment had been per-
formed a score of times and the average
of them all was taken Professor Derr knew
that his result was approzimately correct.
A million tons one way or the other was a

. small matter oonsldarlnz the huge figures

wnvolved.

The earth is not the only planet from
which seclentists have wrenched the secret
of weight. Other heavenly bodies have
heon accurately weighed, through applica-
tion of the same simple law of gravitation.

For hundreds of years it was known that
the orbits of the planets were irregular,
changing abruptly in many oases as tho
flying worlds came within the gravitational
attraction of some other wanderer of the
skiog. Astronomers, after years of delicate
observation and intrleate ealenlation in
which they comsidered the forees required
to Move these bodies from their paths,
were able to give to the world the approxi-
mate weight of the sun, the moeon and a
fow othors of the nearer heavenly bodies.

The distant stars alope have defied the
gcales of sclence, Too far removed from
us for the power of attraction to be feit,
too vast to be affected by flying planels,
their weight cannot be determined.

Astronomers can thll us the size hut not
the weight of these stars, seme of which
are blaging gascs and some molten rock
and metal, )

Cavendish, the great English chemist
and phynicist, was the first 1\0 undertake to
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,Diagram Showing the
True Proportionate

Science That the
Density and Weight of
the Earth Are About
Equal to That of a
Solid Ball of

Atlas Holdmg the Earth on His Back—tllo Qld
¢ Mythological Explanation of How the Earth
' * Was Sustained in Space, y

240,000 MILES FROM THE EARTH TO THE MOON
-t —

Professor Louis E. Derr,
of the Massachusetts In-
stitute of Technology,
Who Weighs the Earth
Every Year as a Rodtine
Part of His Laboratory
Class Work in Physics.

weigh the earth. An apparatus devised

Sir Isaac Newton Experimenting With

Rays of Light in His Laboratory.
Newton Discovered the Principle
Which Ensbled Science to Calculate
' the Weight of our Earth.

nmology is an improvement in many
ways and it Is therefore presumed
that its results are far more ac-
curate. For ome thing the use of
the delicate guartz threads gives a
suspension much more nearly per-
feci than the halr employed by the
English scien-
tist. Then, too,
the Technolo-

Earth to the Moon.

turned horizontal bar on the point of an
upright needle so that it balamced true.
it was {ree like the needle of a compass
to turn to the right qr to the left. On the
ends of this bar were fastened two per
fectly equal balls of accurately measured
weight.

In this way the bar still balanced, and
though the earth was not at all suspgnded,
the pull of the earth waa made ineffactive
for the purpose of the experiment. Caven-
dish then placed heavier balls of known
weight near the small spheres, but not
touching. These were attracted toward
the larger bodies: then when the spheres
were gently pulled away they wore drawn
back upon being released and vibrated
much as a pendulum would.

This force wgs exceedingly small, and
the vibrations very slow, but they were
counted and measured, and the results
compared with those of the vertical pendu-
lum. From this data the rest is a simple
problem In proportion,

It is a very delicate experiment. The

by the Rev. John Mitchell was adopted by\hnt variation in the temperature, result-

Cavendish for his experiments after he had
made several great improvements on It

The theory of this instrument was de-
veloped from studies of the vibrations of
the pendulum, whose motive power is that
of gravity. The velocity was very accur
ately measured by counting the rate and
distance of the swings in & day; from this
was caleulated the power of attraction of
the earth,

The pendulum idea was then extended
to the attraetion of small masses of known
waight, It was observed that #As many
times ag & ball weighs less than the earth,
w0 many times more slowly will a pendu-
lum be moved by & ball,

To adapt the idea successfully it was
necessary to neutralize the pull of the
earth, B¢ Cavendish lald a perfectly
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ing in a contractipn or an expansion of
the ballg, or the uneven distribution of the
matter used in the construetion of the
room or buflding where the experiment is
ecarried on will upset the results.

Even the ebserver's own movements set
the air in motion, so that the air mnst be
kept stagnant. Cavendish figured the
parth's weight to be 6,069,004,272 billions
of tons in 186p—a result very close to that
pefured In Cambridge the other day. This
made the specific gravity of the earth about
5.4, or in other words the earth welghed,
nccording to his figures, aboyt five and a
balf times the welght of an equal body of
water,

The apparatus dsed in the experimenta
at the M usetts Institute of Teclr
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gy experts .
S

have succeed- =
ed in minimiz-
ing the influ-
ences of tempera-

ture and other dis-

A Man Powerful Enough to Hold the Earth on His Shoulders turbing factors bet
Would Be So Large That Ten Men Like Him, With _
Arms Qutstretched, Would Reach from the

ter than Cavendislk
was able to deo.

To try to form a
conception of the six
sextillions of tons
¥hich the earth weighs is an inter
2ating speculation. But it is one that im:
poses a mevere tax upon even the most
vivid imagination.

Ancient mythology used to picture the
earth as borne on the shoulders of the
giant Atlas. As modern scientific knowl-
odge points out, however, the proportipns
which the ancients gave to the giant and

the globe on his shoulders were entirely
incorrect.

The average densiiy of the earth is esti
mated as about the same as that of iron
ore, A man of average size and strength
can carry on his shoulders a globe of iron
ore measuring a foot in diameter. The-
theoretical giant capable of bearing the
earth on his shoulders would bear the
same proportion to the earth that a six
foot man does to the iron globe.

A sclentlst with a turn for curlous specu
lation estimates that the man capable of
lifting the earth on his shoulders, as Atlas
was supposed to have done, would be so
colossal In size that tem men llke him,
with arms outstretched, would form =a
human chain long enough to stretch the
240,000 miles from the earth to the foon.

The total amount of conl produced since
man learned how ta mine ls only about
10,006 048 000 tons—and that gigantic heap
of coal Is as but a featherweight in com-
parison with twelve septillion pounds at

“which the earth tips the scales of sclenge.

Although wusually plctured by painters
and sculptors as bearing the earth on his
shoulders, the Atlas of mythology was
really supposed to support the heavens.
This burden, It was declared, had been
imposed on him as a punishment for. his
rebellion against Zeus. Later this story

was olaborated to make Atlas a leader of

the Titans in thelr war against the gods,
the far

Atlas was always located In
west, beyond the horizon; finally he was
localized in northwestern Afriea, There

Isaac Newton. An Old Painting
by Sir Godfrey Knowler.

he was a king, rich in flocks, owner of the
gardens of the Hesperides.

Atlas, ag bearer of the heavens, appears
in early Greek art on vases and reliefs in
connection with Hercules's search for the
apples of the Hesperides. In statuary
Atlas is first represented by the Perga-
mene school: he is portrayed as carrying
the heavens on the terrestrial globe. The
plural, Atlantes, i{s applied in architecture
to male figures serving as columns, ’

In consequence of the ancient views,
which made the wvault of heaven rest on
solid pillars or other supports, the name
“Atlas,” originally mythological and cos-
mogonic, was introduced into geography;
t was given to a hill in northwest Africa.
Mereator, in the sixteenth century, appliad
the name “Atlas” to a collection of maps,
probably because the fignre of Atlas sup-
porting the heavens had been given on the
title pages of such works

As depicted by mythology, Atlas wa:

‘'what seemed to the eyes of the anclents

the most marvellous of glants. But sinee
solence has learned how to put the earth
on scales and register its weight, we know
that old Atlas was a mere pygmy com-
pared with the sort of creature who would
really be ecapable of supporting on his
shoulders this globe of ours.

The quartz threads used in weighing the

earth at the Massachusettg Institute ol
Technology are probably the smallest evol
manufactured. They me made by melfing
the ends of guartz crystals together and
them pulling the crystals apart. In thile
manner quartz can be drawn even finer
than platinum, the most ductila of the
metals,

“Determining the mass of the earth I
one of the most delicate and beautiful ex
perimenta in physics.” said Professor Derr,
who has charge of the earth-weighing ex-
periments at Cambridge. “Because of Its
delfeacy it 1s an unusual problem to be
given a body of college students, Thera is
gome dimiculty encountered from the faot
that Boston, and particularly that part of
ft which isg built upon ‘made’ land in the
Nack Nay, is constantly shaking and trem-
bling, a condition which makes itself felt
immediately in the laboratory. The ex-
periment as it is performed today at the
institute Is highly satisfactory, however,

and extromely InteresMng.”




